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is the position of the atom, and
g = E
0
where  is the atomic dipole moment. The
rst line of Eq. (4) describes the free eld evolution, the
second line the atom-light coupling, and the third line
the coherent pumping of the light modes.
Allowing for photon losses from the dielectric medium
at a rate 2 and assuming that the dynamics of the
electric eld occurs on a much faster time scale than
the atomic dynamics, we may adiabatically eliminate the
photon operators from the Hamiltonian. In the limit of
small atomic saturation and neglecting quantum noise
terms, we nally obtain the Heisenberg equation of mo-








































We therefore see that the coupling of the atom to the eld
modes gives rise to a driving term  of the atomic oper-
ator  and, additionally, to an atomic light shift L. In
general, L is complex and the atom will thus experience a
frequency shift according to the imaginary part of L and
a resonance line broadening described by its real part.
Depending on the functional dependence of 
n
(k), the
light shift obtained from the coupling of the atom to con-
tinuous one-dimensional sets of electric modes can signif-
icantly alter the atomic dynamics, especially if 
n
(k) is a
highly asymmetric function. Since dielectric microstruc-
tures can be fabricated with high accuracy, this oers the
possibility to tailor the atom-light interaction to a large
extent.
Specic example of a microstructure.- In order to dis-
cuss this eect quantitatively in more detail, we will in
the following concentrate on a specic example of such a
microstructure.
Let us consider a dielectric medium with a rectangular





Fig. 1, but innitely extended in the z direction. The
height D
x
is chosen such that for large D
y
two trans-
verse modes are supported at the pump frequency !
p
as
indicated in the gure. (For simplicity we neglect po-
larization issues here and therefore assume a scalar elec-










FIG. 1: Schematic presentation of the sample microstructure.
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FIG. 2: Mode frequency 
n
(k) versus longitudinal wave num-


















axis, on the other hand, are supposed to be coated with
a highly reecting metallic layer, and the width D
y
is
chosen small enough such that only a single mode is sup-
ported in that direction. For given D
y
the wave number





Hence, for a given optical frequency, decreasing D
y
will
reduce the wave number k in z direction. At a certain
threshold width, k will vanish and the mode is no longer
supported for widths smaller than that threshold.
In Fig. 2 we show the numerically calculated frequen-
cies and longitudinal wave numbers of the modes sup-
ported by such a structure. The width D
y
is chosen such
that the threshold of the rst excited branch coincides




(0) = 0. Hence,
for all of the modes in this branch 
1
(k)  0 and a large
atomic lightshift L, Eq. (6), can be expected. Moreover,





= 0 and therefore a large
number of modes contributes nearly resonantly to the
integral in L. Thus, the presence of the microstructure















FIG. 3: Light shift L versus threshold frequency !
th
. The
solid line is RefL
1





g. The atomic parameters correspond to the D
2
line


















=2; 0), i.e., the point
of maximum coupling at the surface of the dielectric medium.
An analytic approximation of Eq. (6) can be obtained
assuming that the transverse part of the mode functions
is given by a unique f
(T )
n
(x; y) within each branch of
modes for all the relevant frequencies, that is, assuming




















Introducing an exponential convergence factor to cut o
high frequencies which in the dipole approximation lead















































































For the parameters used in this Letter we compared these
results with numerical integrations of Eq. (6) and found
excellent agreement.
An example for the light shift L is depicted in Fig. 3.
We plot the real part of the contribution L
0
from the
lower energy branch of electromagnetic modes (the imag-
inary part being approximately zero) as well as the real
and imaginary parts of L
1
, the contribution from the ex-
cited states, versus the threshold frequency !
th
of the ex-
cited branch. For the chosen parameters, !
th
is a nearly
linear function of the width D
y
, which varies approxi-
mately for 10% within the plotted range.

































=2 and (a) x = 0, (b) x = D
x
=2. Parameters as in







We note that L
1
is approximately constant and below
one atomic linewidth. Hence the light shift induced by
a branch of modes far above threshold is in fact insignif-
icant. The second (near-resonant) branch of modes, on





travelling wave solutions exist in the excited branch at
the pump frequency, and the light shift is dominated by
its real part leading to increased spontaneous atomic de-





, no travelling solutions exist,
L is imaginary, and the main eect is a shift of the atomic
frequency. At threshold and assuming   !
p
, Eq. (9)





















Hence, the maximumpossible light shift is determined by
the ratio of the photon loss rate from the microstructure
to the optical frequency. Thus, for our specic example
of a structure the limiting factor will be the reectivity of
the metallic coatings on two sides of the dielectric surface.
For example, a reectivity of 99% yields a decay rate
  !
p
=1000 as used in Fig. 3. Both the magnitude and
the scaling of the calculated light shift is very dierent
from the one observed between metallic plates [8].
Let us now address the question how this large atomic
light shift could be observed experimentally. Since the
whole eect is due to the strong coupling of the atom
to the conned light modes, an obvious possibility is to
4detect the backaction on the light eld. Assuming that
only a single travelling wave with wave number k
0
of the
lower branch of modes is pumped and with the same sim-
plications as used to obtain Eq. (9) yields the following



























































where the rst line gives the eld of the single pumped
mode, the second line is the eld of the light scattered
into the lower branch of modes, and the third line is the
eld scattered into the upper branch. As an example we
plot the eld intensity along the z direction at the center
of the medium, Fig. 4(a), and on the surface, Fig. 4(b).
At the center of the structure all modes of the excited
branch vanish and the electric eld is formed by the lower
branch only. Since the light shift L
0
according to this
branch is small, the change of the electric eld is small
too. However, we see that the atom (at position z = 0)
scatters some light from the pumped mode into its de-
generate counter-propagating mode. Hence, on top of the
constant intensity of the pumped mode, there appears a
standing wave structure on one side of the atom. Due
to the damping of the light modes, this standing wave





). The electric eld at the surface,
on the other hand, is dominated by the large light shift
L
1
due to the excited branch of modes and therefore has
a much larger change of amplitude, see Fig. 4(b). Sim-
ilar enhancement of light scattering has been predicted
for a dielectric wire in a metallic wave guide [9]. Accord-
ing to Eq. (14), we nd again an exponential decay with








is much shorter than that of Fig. 4(a). A spatially re-
solved detection of the photons lost through the coatings
of the dielectric structure would thus reveal the signi-
cant change of the electric eld intensity and would serve
as an implicit measurement of the enhanced atomic light
shift.
An alternative method to detect the light shift could
come from an experiment where a cloud of cold atoms
is dropped onto the microstructure and reected by the
evanescent light eld. If the atomic cloud is dilute enough
such that the mean distance between the atoms is larger
than d
1
, each atom will be scattered individually and the
reection of the cloud will essentially be specular. On the
other hand if atoms are closer than d
1
, they will interact
with a distorted light eld as shown in Fig. 4(b). Since
the modulation of the light intensity along x is roughly of
the order of the total intensity and since the periodicity
is of the order of an optical wavelength, the forces along
x will be comparable with the force in z direction. Hence
the average reection of a cloud of atoms will be highly
diusive in this regime.
Conclusions.- We have chosen here to discuss the in-
teraction of an atom with a quasi 1D optical waveguide.
However, our theory is easily applicable to atom-photon
interactions in a broad range of micro-optical structures.
Corresponding experiments can have impact on our basic
knowledge about atomic structure and quantum electro-
dynamics [10]. On the practical side, the strongly en-
hanced atom-photon interaction could be the basis of a
new generation of micro-optical devices involving only
very few atoms and photons.
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